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Separation of Noonan’s syndrome from Turner’s syndrome is generally credited to Noonan and
Ehmke'® who in 1963 reported 9 cases of children with valvular pulmonary stenosis, small stature, hyper-
terolism, mild mental retardation, and in some instances ptosis, undescended testes, and skeletal mal-
formations. The chromosomal studies in this syndrome are normal!®15,

Associated skeletal abnormalities have been noted by many authors,?19 and our study confirms
a wide variety of osseus deformities. Two adult female patients presented in this paper showed short
stature, osteoporosis, dental malocclusion, hyperterolism, fusion of the vertebrae, scoliosis, thoracic cage
deformity, and phalangeal deformities of the hands and feet (Table 4). One of these patients showed
the unilateral deformity of the medial tibial condyle, and the other demonstrated the abnormal sella
turcica, the borderline metacarpal sign and phalangeal preponderance, which are the common radio-
graphic manifestation in Turner’s syndrome. The facial changes characterized by hyperterolism, depressed
nasal bridge and malocclusion seemed to be related with growth disturbance of the bones of ethmoidal
area and the maxilla. Although most of the skeletal abnormalities presented here are not specific and
often not very important, it does appear that they may well, in combination, sometimes constitute a suf-

ficiently characteristic radiological picture to suggest the diagnosis of Noonan’s syndrome.
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Fig. 1. Photograph showing two cases of Noonan’s syndrome. Note the short stature,
webbing of the neck, hyperterolism, abnormality of the thoracic cage and scoliosis.
Left: Case 1, fernale, 28 years old. Right: Case 2, female, 25 years old.
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Fig. 3. Case 1. Roentgenogram of the chest. Note the mild cardiomegaly and
asymmetric thoracic cage.

Fig. 4. Case 1. The skull, showing hyperterolism and dental malocclusion. The
basal angle and sella turcica are normal.
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Fig. 5. Case 1. Panoramic dental roentgenogram. Note the congenital absence
of the left upper lateral incisor, disappearance of the laraina dura and marked
osteoporosis.

«Fig. 6. Case 1. Roentgenogram of the thoracic
spine. Moderate degree of scoliosis and fusion of
the third and fourth thoracic spine are evident.
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Fig. 7. Case 1. The pelvis. Note the slight rotation
of the lumbar spine and the lumbarization of

e the sacrum,
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B CTLIEBEIEME h, 278 R AR
U, DS rhR R AE K OB Fr e 22, Noonan
TEBRF O Z e, ARRIE X D BIA Lic
2, 18 X D ARIE & 7eofe . BEAERE, TR
LT EC Lk,

(b) HEAYFTR : B 145em, {(AHE37ke.
BRiREA 2L, RIRTERILEMNAH L vEWC
b5, TLREORREEZRD S, Kz, n
Bws7, —€2@n5b. WEWELAR TRk
< EOREREGD, oL LR LR
o, IfE 114,/70mHg, DS 60 TAEE T
H5. 03 BRI 5 2 B Ao i
WL, 5 4 e e 38 3 B &
Edic thrill 2 5%, JEECIRRE TR A 2
v, AHEROTFIATED iy, Mt
DOWE, SN, TS IFoEMfHEY RS 5.
FFRETED I, ek, XXHT
Bywiew (Fig. 2, B).

(¢) =y 27 ABATR: Wi = 7 A4g T
W, TS TUMGRES6%, £ 450 M%2R
b, fEG CHLBERR YRS, o mEs il
RIEHTH 5. B Idea#it (Fig. 3) .81
BHTIHKERA 114° T, P aBolUE, KX
SRIEWTH% . IREHEEMIIE . Jigso K
HWEE SR> b s (Fig. 4) . TR o 851
HEDBA DR H M, 72 BSR4 K% 2
5 (Fig. 5). My Ti3s8 3, 4 Mk oG & F
L b5 8° O (Ferguson i£P) % B
% (Fig. 6).JEHECIEHEXRBD bhbn, ¥
HI7e B Bl BT, (IlHE o IEHE
b & EHED A L rotate LT 5 LIAME R EIL o
(Fig. 7). FRdwrEBIMmE I, B mpm
ZRLTW5, PHICETIE, carpal angle |1
Wfildtic 131° “Ccarpal sign'® [&44:, metacarpal
sign® HIEMTH D, S IRPMIEL AL E b
fEL, AR L, EhEia & Eia - old
nAhabhs (Fig. 8). JBaMT, MBI, &R
B RS bR v, EREEHMAIER Koso-
wicz® DR LIcEREARAbh S (Fig. 9).2
BT, EAE4L, SHIET2D {if X hig>T

HARREER R SEE B35% HBLE

V% (Fig.10).

fEf]2 . C.Y. 255, 4 (Fig. 1, )
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Tigw (Fig 1D BefcE v FHE 2 bh 2
2, BE#EBOZIIFEWC, rraBF L
T\5. BREEMAE 130° Th 5. RN
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bha (Fig. 13) 3HE T 6, 2 7 30 ~ k1
WA L, Bl oBihkbi, EEREC
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phalanges of the fifth fingers. Carpal sign and metacarpal sign are negative.

AlMm

Fig. 9. Case 1. Roentgenogram of the knees,
which demonstrates exostosis at the left medial Fig. 10. Case 1. Roentgenogram of the feet. Note
tibial condyle. the two-phalanged fourth and fifth toes.

Fig. 8. Case 1. The hands and wrists. There is pronounced shortening of the middle




986—(28) HARE $HOH 815 S M8 5355 $118

Fig. 11. Case 2. Chest roentgenogram, showing the marked cardiomegaly,
thoracic cage deformity including the concave sternum,

Fig. 12. Case 2. The skull. Note the small sella turcica, marked osteoporosis, hyperterolism
and dental malocclusion. The basal angle is within normal limit.



M F504E11A25R 987—(29)

.. g

Fig. 13. Case 2. Panoramic dental roentgenogram, demonstrating the destruction
of the crown and disappearance of the lamina dura. The apical lesions at the

roots of teeth are also noted.

! — : — Fig. 15. Case 2. The thoracic spine. Note the
Fig. 14. Case 2. The cervical spine, showing fu- marked scoliosis and the deformed eleventh tho-
sion of the sixth and seventh vertebral bodies. racic vertebral body.
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Fig. 16. Case 2. The lumbar spine, showing the marked scoliosis and square
lumbar vertebral bodies.

Fig. 18. Case 2. Roentgenogram of the hands and

wrists, showing horderline metacarpal sign (left)

Fig. 17. Case 2. The pelvis, Note the hypoplastia and phalangeal preponderance. Carpal sign is neg-
of the roof of the left acetabulum and the de- ative. Note fusion of the carpal bones and shor-
formities of the femoral head and neck of the tening of the middle phalanges of the fifth finger

left side. of the left hand.
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Fig. 19.

Case 2. The feet,

showing the two-phalanged fourth and fifth toes. The

Bh, F1, B2 PEHEIAMCIER S hTw5.

bent third toes at the distal interphalangeal joints are also prominent.

carpal sign

VoG, Al borderline B4 -=

F o EHE Hsbi [H-!fij}f' T, EHchUhT /) &% . #F#- phalangeal preponderance™ 3, 7 5
Y. Ferguson - primary na. FES5FhaiE AT b Bl LT

LTw3
curve 31°,

secondary curve 18° T %

upper secondary curve 17°, lower

D, EMONES

(Fig. 15, 16). Hi&ic

(Fig. 18) . JEE-H P S o B 338

EHETOBAEN R B RS
Hbitiw. B2

AR BB T\ TR OTRRAE 2 2 BREAE DA, §5BaER 1 &FkE,
F)%‘L KRG 2« BUR OB O RAZ N EH TH DO OR L DR S, 3 HEEE DR
%5 (Fig 17) . M CAEID %R Easid, L HiE & b AT B A LT (Fig. 19).

B, BIBE TSR I A B, carpal angle | £ E
JE 139°, A7 138° ¢ carpal sign [&{4:. meta- Noonanji (i RE 1L, 19634 Noonan and Ehmke!®
Table 1. Features of Turner’s Syndrom(_ and Noonan’s Syndrome
. . rlI[‘II(.,I' s Noonan's -
" Chromosomes ~abnormal (often XO) “normal i
Short Stature constant variable

Gonads

female gonadal dysgenesis

Congenital Heart Disease

left heart usually involved

(aortic stenosis and coarctation) |

Mental retardation

septal defect)

varies from agonadism to normal gonad
function and fertility of both sexes

more common with right heart usually
involved(often pulmonic stenosis and atrial

rare common
Dental malocclusion rare T common h
Renal anomalies frequent less cornmon B
"~ Webbed neck | common common
Bone abnormalities " common less common o
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Table 2.

HARIE SO s MR 5854

Skeletal Abnormalities in Turner’s Syndrome

®ILE

Finby and Archibald®

Keats and Burns™

common (>15 yrs)

Kosowicz'V

Skeleton in Returded skeletal maturation almost all -
general Diminished mineralization of bone | 85.9% (=15 yrs) majority (>>18 yrs) -—
Skull Small or enlarged sella turcica 12.1% COMMOon —_
Premature synostosis of sutures not rare — -
Increased basal angle > 140° — common —
Enlarged paranasal sinuses frequent common —
Hypoplastic mandible not rare not rare e
Hyperterolism — frequent S
Spine Hypoplasia of C, 45.4% common, -
Epiphysitis (Osteochondrosis) 27.2% common —_
Scoliosis or kyphosis not prominent frequent -
Square lumbar vertebrae —_ common -
Pelvis and Late fusion of apophyses of iliac — comrnon -
Hip crest
Male characteristic in the pelvis frequent comrnon —-
Irregular epiphyseal plate of — frequent —
femoral neck
Protrusio acetabuli 9.0% —_ -
Thoracic cage | Maldevelopement of clavicles - 46.7% —
Abnormalities of contour of ribs B nearly three- —
quarters®
Sternal anomalies — 18.1%? o
Elbow, Wrist Radial tilt of trochlea — common —
and Hand Wrist deformities 45.8% common -
Madelung’s deformity and -— — 12%
protruding ulna
Carpal sign —_ nearly half 55%
Metacarpal sign 69.7% frequent 60%
Fusion of carpal bones 6.0% —_ —
Distal phalangeal abnormalities 6.0% frequent —_
Phalanges preponderance —— frequent 57%
Drumstick distal phalanges — — 26%
Slender shafts — o 33%
Convex metaphyses = = 24%
Flattening of epiphyses o — 12%
Brachyphalangia and brachymeta- = — 23%
carpia
Coarse trabeculation — —_ 622
Delayed epiphyseal fusion( > 15yrs) — —_ ~B0%
Soft tissue changes and nail — — 25%
anomalies
Knee, Ankle Deformities of medial tibial 69.7% common (7%
and Feet gondjle
Metatarsal and phalangeal 21.2% i i
deformities
rare — —

Syndactyly
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Table 3. Skeletal Abnormalities in Noonan’s
Syndrome

Noona:l':) Riggs'"
Short stature 89.5%| —
Returded bone age e 36.3%
Osteoporosis - 45.4%
Klippel-Feil deformity o 9.0%
Scoliosis or kyphosis 15.7%| —
Dental malocculusion [ 45.4%
High arched palate — | 54.5%
Hyperterolism 100.0%| 45.4%
Chest deformity 52.6%)| 63.6%
Radial tilt of the trochlea - 36.3%
Metacarpal sign — 0
DL::;(;E;lon of the head of the 5.29 —
Knee abnormalities . 0
Multiple skeletal defect 5.2%| -

DPEC AT D, Bt b 1 BlBIRIAERE D 9 Bl

(He, w34 », @, WEREEE, BEO
ERERIE, ¥ R iRIR TR, (SRR, §
RO R DT B & L 2 Lic. 19684
i Noonan'® X, ZFJE[ERED Yutafky: IEH TH
Bz & Tumer FERFF®O L B2 L&A,
19694F Summitt!® jz. X h Noonan fE{ERE & 43
T hh, #BEF L TOMERIHEL L.

Noonan fEfERE & Turner JE{EEE 113, T
BRELX FL TSR TELULT W2 Fflic
BET5L i) O HEEY BFbhs, Sum-
mitt!®, Riggs'®, Baker 5,¥0 e Lz, &
JiE O RZ AL HEE 7o 00z Turner FERERE L O L
#% Table | wBEH L. LaL, EBRMKAT
b, PEEOBRIC Lo TR LD THEEZE
FEL TeDfc 2 k% #2% L, Noonan JE{EHf &
Turner fEREAED S RENCEELI LTV 5 & & 3%
ThbH. Lizpai>T, Noonan JE{RHEDF# Fw

2o\ T b, Turner FEEREDFh & OMELM: Y R

3 DR Til g\, Turner. JEETF O F-HELH
{XFinby and Archibald® }s J 0¥ Keats and Burns®
i, Table 2R3 2 & < [KREHCED,

FUREASOBEE, EER, RIAREIER, 1

991—(33)

Table 4. Summary of Skeletal Abnormalities
in Case 1 and 2

Case | Case
1 2

Short Stature yes | vyes
Osteoporosis yes | yes
Deformity of the sella turcica no yes
Increased basal angle > 140° no no
Dental malocclusion yes | yes
RerlI;:.:;\ir;:I:uypcnp]asm of the yes | yes
Hyperterolism yes | yes
Fusion of the vertebrae yes | vyes
Scoliosis or kyphosis yes | yes
Square lurabar vertebrae no yes
Hy;;li:c;]:;a;)s;ﬁl g. the roof of the - yes
Ab;:i:;la;;gesezi the femoral o yes
Thoracic cage deformity yes | yes
Sternal anomaly no yes
Radial tilt of the trochlea yes | yes
Tusion of the carpal bones no yes
Carpal sign no no
Metacarpal sign no yes
]?hha;zggeal deformities of the yes | yes
Phalanges preponderance no yes
I)eé‘::ﬁ;{l:s of the medial tibial yes | mo
Phalangeal deformities of the feet| yes | ves

BHEDOFRBEARL, JHER, carpal sign (FHEHL
{gz), metacarpal sign (HhFgEfEE), BEH PR
MOEREIBRECHESh TV,

—Jj Noonan iRt @ H4#8%:{L (Table 3)
1%, Turner JEREFFICIZ~ AT EWXE L, BIE
KhoEEE, FHIR, BHAR, HRHRENLD
h%. Riggs WAL RELEL AbhbBE
EXRIER LT\ 52, Noonan'® IR T 52.6
BBEIh TS, ERHED 291 Tumner
JEMRTE & D S B S, WARREEE, MEAAS
A, WPLAER EREORFEN LA E ShTwn
%. L#L, metacarpal sign, carpal sign, JEoD
Z8{ki3, Noonan!®, Riggs'¥, Baker 5H¥m o ) —
A TBEANTIL .

EHDOEINCH SR DR, Table 4
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Ch D& LA R, RN & © 2
B, TumerJEBRFRCITRT % b © F TERTH
5. 2 REGIDERNIT R FE 28, 258 TH D,
B AZ D Noonan FEERETIXEER X b 4 F R
HWIENTHZEEZLD N 5. B, TEW
A, WA ESADFEEARL, WREEE, HEdaE
5, NS, WBEE, /N, FROREO
FRETE SOLRATE © BEIEM 1, 2 cilgsh
B, TR, FEG 1 CURJBE P R o 52
o, FECI2 T P v a Bk oAb, DAL
2k, FEEETR BONCKERE « B R O DI,
A4, Er 5%, borderline B4 metacarpal
sign SEH\@ZExh, Tumer JEERELIZ =y 272
WEH EToENIZRELS LT3,
JEE PIERR OB K 2 2 B ek, Tur-
ner JE(ERETIL—AR Ay <, Kosowicz® 1z I
% L66.6% , Finby and Archibald® |z } % L69.7
VBB ST\ 5, EE S OEG T, EREN
PO (LD % CHRFFH Tidiz\ . carpal signl®
I%, gonadal dysgenesis T|351.4% - fflZz s h
TWah5, Zhid, EFRAIO 5.4%" i~k X
105D TH D . FHE S OREHTIL, carpal
sign |3 \Shd, [adEC B 5. metacarpal sign?®
W%, BRMER O borderline Bt FEf% 49T,
gonadal dysgenesis ‘TI360%™ 5 £69.7%8 12 &
hah, EFWAITI.3% s bhd LliEXh
TkbH, FELD 1| TL borderline [B#: (F
) CThote. —FH 5 IMOPEIELEN £ 1 g
TR X % i Mo MEGAPCS & b R 2
B, HH D OEGIT, hEiE R LA
2L, 1OEEHE, ho 1 e IawHmET b
5. FIAEGI1 RO2 OB L SR BN E 4
BER OV 5 BEEIC 2 DO iE D B E T 5
4 (two phalanged toe) | IF% TiL =< e ir
RTHhv, Ellis 5% 0.8% Th5 L& LT
. fEG] 2 TR, T 3 Bk K EE 2 Bl
I hASGER B LT 5.

Lo L, Eicdii~7ffic, Noonan JEfREEE<
T HFRZEE & B H O RSN EREC A bR D &
&5 Tumner JERFEOHEEELTHT b h

FARES R SR H5% H1s

b. MR EERERAC X D0, Wa
P, BB O O R BENC X 5 HREHE
HE, R S ER AN X D, PR 0%k
FD KIED =y 7 AGQGETER LT\ D & & 28
Exbhd. —0o—20FHEREILL S OBk
FROTHY, ¥bE VEELTR Gl

EdHBH, ZhBOPROM A Noonan fi2

BEREDBIETRRT 2= » 7 ARGEEHL S 2

EEZDIRDDT, SHLTHEGEE GBS

% & JECE.[\*')h- 5.

v U

Noonan JEfERF D 2 JEFIIC2 T, Sdficg

BESRR HT L. BAZU® Noonan fiFERe-ci

IR s XS RREI g S h, chbidk

BRI SO Tumer FRRACFIT b 0

ETEET, =y 7 ARG ETOASE & Turner

IEBRRED SR D LdTH5, La

L, B B & JgghZET 55 Noonan fifif

I, KhRBECA bR, ZhbOZHEyAGED

=y 7 ARG ERFEST BARERO B B & L il
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